All anomaly candidates and the form of the most general invariant local action are given for old and new minimal supergravity, including the cases where additional Yang-Mills and chiral matter multiplets are present. Furthermore nonminimal supergravity is discussed. In this case local supersymmetry itself may be anomalous and some of the corresponding anomaly candidates are given explicitly. The results are obtained by solving the descent equations which contain the consistency equation satisfied by integrands of anomalies and invariant actions.
Introduction
For a large class of gauge theories one can construct a nilpotent BRS operator s and use it to characterize invariant actions and anomaly candidates as nontrivially BRS-invariant local functionals of the fields [1] , [2] , i.e. as solutions W g of the so-called consistency equation
where W g , Γ g−1 are local functionals of the fields whose superscript denotes their ghost number. Invariant actions are solutions W 0 with ghost number 0, anomaly candidates are solutions W 1 with ghost number 1 (in the case g = 1 (1.1) contains the consistency conditions which anomalies have to satisfy and which have been first derived for Yang-Mills theories [3] ).
The present paper contains results of an investigation of (1.1) for old minimal supergravity [5] , new minimal supergravity [6] and nonminimal supergravity [7] , [8] where in all cases not only pure supergravity is considered but its coupling to Yang-Mills multiplets and chiral matter multiplets is included. I remark that the results for old and new minimal supergravity are complete i.e. in these cases there are no solutions W 0 and W 1 of (1.1) apart from those given here (modulo trivial solutions sΓ −1 resp. sΓ 0 ) 1 . However it is not the subject of this paper to prove this statement since the proof can be performed in more generality [9] . Instead the present paper spells out the general results of [9] explicitly for the supergravity theories mentioned above. This includes the solution of the so-called descent equations which follow from (1.1) and read 0 < p ≤ 4 : s ω The discussion of (1.2) resp. (1.4) will give insight into the method used to solved (1.1). Namely in fact the solutions of (1.4) have been calculated first and then the solutions of (1.1) have been obtained from them via (1.3) . This method takes advantage of the fact that, as one can prove for a large class of gauge theories [10] , each solution of (1.4) can be written-up to trivial contributions of the form sω g+3 -entirely in terms of tensor fields and certain variables which generalize the ordinary connection forms. This holds in particular for the supergravity theories discussed here where the variables which generalize the connection forms are given in (2.20) and (3.32 ) and the set of tensor fields is given in (3.7) where {Ψ l } in the case of minimal supergravity is given by (3.1) and in the case of nonminimal supergravity by the fields listed in (3.40) and the respective complex conjugated fields:
The paper is organized as follows: In section 2 the BRS operator for supergravity is given (the BRS transformations given in this paper agree with those derived in [11] ), section 3 recalls the basic features 1 The results given for nonminimal supergravity are incomplete.
and the field content of old, new and nonminimal supergravity and contains the solutions of (1.1) and (1.4) for g = 0, 1, and in section 4 it is verified thatsω g+4 = 0 holds for the expressions given in section 3 forω g+4 . Finally a short conclusion is given, followed by three appendices.
The conventions concerning grading, complex conjugation, σ-matrices etc. agree with those used in [12] and as there I use exclusively the component formalismus, i.e. none of the fields appearing in this paper denotes a superfield.
BRS operator
The BRS operator for supergravity is conveniently constructed by means of the algebra
which is realized on tensor fields. {D A } consists of the covariant derivatives D a and supersymmetry transformations D α ,Dα = (D α ) * . {δ I } denotes a real basis of the Liealgebra G of the structure group which in general is the direct sum of the Lorentz algebra G L , a further semisimple Liealgebra G s and abelian part G a . The Lorentz generators are denoted by l ab = −l ba , the elements of G s + G a by δ i .
In (2.1) the structure constants of G are denoted by f IJ K and the g IA B are the entries of the matrices g I which represent G on the D A . The only nonvanishing g IA B occur for δ I ∈ {l ab , δ (w) , δ (r) } where δ (w) and δ (r) denote the generators of Weyl transformations and of U (1) transformations called Rtransformations:
The gauge fields corresponding to D a , D α ,Dα, l ab and δ i are the components e m a , ψ m α ,ψ mα , ω m ab , A m i of the vierbein, the gravitino and its complex conjugate, the spin connection and the gauge fields of G s + G a respectively. They are used to define the covariant derivatives of a tensor field Φ as in [13] by
where ∂ m denote the partial derivatives, E a m are the entries of the inverse vielbein
a , e m a E a n = δ n m , and the following notation and summation conventions are used in order to simplify the notation:
Requiring [∂ m , ∂ n ]Φ = 0 one obtains from (2.3) by means of (2.1)
i.e. the curvatures F ab I and the torsions T ab A are given in terms of the gauge fields, their partial derivatives and the remaining torsions and curvatures. The equation which determines T ab c can also be solved for ω m ab and yields in particular:
where A m (w) denote the gauge fields of Weyl transformations. The BRS operator is constructed by means of ghost fields associated with diffeomorphisms, supersymmetry and structure group transformations and denoted by C m , ξ α ,ξα and C I respectively (C m , C I are anticommuting and ξ α ,ξα are commuting ghosts). The BRS transformations read
10)
12)
14)
where D m ξ α and D m C I are defined by
and the following summation convention is used (notice the different signs in (2.5) and (2.16)) 
18)
where |A| denotes the grading of D A (|a| = 0, |α| = |α| = 1), andξ A ,C I are the generalized connection 'forms' mentioned in the introduction and defined bỹ
whereĈ n denotes the sum of the differential dx n and the ghost C n of diffeomorphisms:
Using (2.17)-(2.19) one may verify that
holds by virtue of the algebra (2.1) and its Bianchi identities which have been discussed in [14] , [8] , [15] and read
where • denotes the cyclic sum.
In order to construct a gauge fixed action one introduces in addition an antighost field ζ and a 'Lagrange multiplier field' b for each gauge field and defines sζ = b, sb = 0 which implies that these fields contribute only trivially to solutions of (1.1). This completes the construction of the BRS algebra for supergravity theories whose field content consists of tensor fields, gauge fields A m A , A m I and the corresponding ghosts, antighosts and b-fields. For supergravity theories containing additional fields one has to specify their BRS transformations as well. This will be done in subsection 3.2 for new minimal supergravity which contains antisymmetric gauge potentials, corresponding ghosts and a ghost for these ghosts.
I stress that the BRS operator is defined and nilpotent on all fields unlike the algebra (2.1) which is assumed to be realized only on tensor fields but not on the gauge fields or the ghosts.
Results

Old minimal supergravity
Apart from the gauge, ghost, antighost and b fields, the field content of old minimal supergravity with Yang-Mills and chiral matter multiplets consists of elementary tensor fields
where 
ω m ab is obtained from (2.8). The BRS transformations of the ghosts and gauge fields are obtained from (2.10)-(2.15), those of the fields (3.1) from (2.9) using table 1 where S, U , G i ,S,Ū ,Ḡ i denote SL(2, C) irreducible tensors constructed of the F ab i and T ab α : Table 1 :
Let me now describe the results of the investigation of (1.1). Up to contributions of the form sΓ −1 each real local solution W 0 of (1.1) can be written in the form 2
where P is the operator
and Ω is an antichiral function of the tensor fields given by
where H depends only on the (undifferentiated) fieldsM ,Wαβγ,λ iα ,φ while G depends on all variables
with {Ψ l } as in (3.1). H and G are additionally restricted by to Ω which gives the supersymmetric version of the Einstein-Hilbert action due tō
Of course (3.9) is not Weyl-invariant and thus contributes to W 0 old only in the case δ (w) ∈ / G. Using table 1 one can check that further Fayet-Iliopoulos contributions indeed do not arise from (3.4) .
Each real solution W 1 of (1.1) is in the case of old minimal supergravity of the form
where W 1 abel and W 1 nonabel are complex solutions of (1.1) collecting the candidates for 'abelian' and 'nonabelian' anomalies respectively. W 1 abel is given by
where ′ j runs only over the abelian factors of the gauge group, P is the operator (3.5), each Ω j is of the form (3.6) with H j and G j restricted by (3.8) and P j α is the operator
In particular (3.11) contains the supersymmetric abelian chiral anomalies which arise from contributions g klλ kλl and aWαβγWαβγ to Ω j where g kl are purely imaginary constant tensors of G a + G s and a are complex constants. Notice that if G contains neither δ (w) nor δ (r) then Ω j contains a constant contribution a j 8 which gives rise to the following simple solutions of (1.1): W 1 nonabel is a linear combination of the independent supersymmetric nonabelian chiral anomalies ∆ τ nonabel which are labeled by τ (there are as many of them as G s has independent Casimir operators of third order):
where C, A, Λ α , Λ †α , L denote the matrices
defined by means of a suitably chosen matrix representation i.e. the integrand of ∆ τ can be written completely in terms of the forms A i = dx m A m i , dA i , e a and the fields C i , ξ α ,ξα, λ i α andλ iα . In flat space where one can choose e m a = δ a m and identify e a with a constant differential dx a , (3.15) agrees completely with the form of globally supersymmetric nonabelian chiral anomalies derived in [17] , i.e. the expressions derived in [17] are in fact not only globally but also locally supersymmetric after replacing dx a with e a , without adding any gravitino dependent terms to these expressions. In fact the independence on the gravitino does not only hold for ∆ τ nonabel but for the complete solution (3.21) of the descent equations (1.4) arising from it as is shown explicitly in appendix B.
Notice that the contribution T r{Cd(AdA+ 1 2 A 3 )} to (3.15) is the well-known form of a nonabelian chiral anomaly in the nonsupersymmetric case (see e.g. [18] ) and the remaining terms in (3.15) represent its supersymmetric completion.
I remark that the abelian chiral anomalies arising from contributions g klλ kλl to Ω j in (3.11) (with g kl purely imaginary) can be written in a similar form as (3.15) . Namely by adding a suitable counterterm sΓ 0 to (3.11) they become linear combinations of solutions ∆ τ abel of (1.1) given by
where C j , A j and λ j denote the ghost, connection 1-form and gaugino of an abelian factor of the gauge group. The solutionsω 4 andω 5 of the descent equations (1.4) arising from (3.4) and (3.11) can be written in the following remarkably simple form
where Ξ denotes the product of allξ a andDα is an extension ofDα suitably defined on the variables (2.20):
Using the explicit expressions (3.2) one obtains in particular
The solution of (1.4) arising from (3.15) reads
with Λ α and Λ †α as in (3.16) and
The solution of (1.4) arising from an abelian chiral anomaly (3.17) has a similar form:
New minimal supergravity
New minimal supergravity differs from old minimal supergravity with regard to its field content. Namely
α , D (r) and B a are not elementary fields any more. Instead new minimal supergravity contains a new set of elementary fields consisting of the components t mn = −t nm of a 2-form gauge potential, corresponding ghosts Q m and a ghost Q for these ghosts 3 which have the following reality properties, ghost numbers and gradings:
This field content arises from setting to zero the field M and the superfield arising from it in old minimal supergravity with gauged R-transformations (but without Weyl transformations). This leads to the identifications
whereDαB a and D α B a are obtained from table 1 using the second identity (3.25):
The nilpotent BRS transformations of t mn , Q m and Q read
The BRS transformations of the remaining fields can be obtained from their counterparts in old minimal supergravity using (3.25) and (3.26). Therefore one obtains solutions of (1.1) for new minimal supergravity simply by making the identifications (3.25), (3.26) in the solutions W 0 old , W 1 abel and W 1 nonabel obtained for old minimal supergravity. However the presence of the fields t mn , Q m and Q is responsible for the fact that this does not give all solutions of (1.1) with g = 0, 1 for new minimal supergravity. Namely there are a few additional solutions which cannot be obtained in this way. I denote these additional solutions by W F I in order to point out that W 0 F I are locally supersymmetric versions of Fayet-Iliopoulos contributions to the action and W 1 F I are anomaly candidates of a similar form. They are given by EH . I stress again that apart from W 0 EH the solutions W g F I do not have counterparts in old minimal supergravity. This holds in particular for the anomaly candidates (3.34). Notice that they are present only if the structure group contains at least two abelian factors, i.e. at least one abelian factor in addition to the R-transformation, since the a ij are antisymmetric.
The solutions of (1.4) arising from (3.33) and (3.34) arẽ 
Nonminimal supergravity
The nonminimal supergravity theories discussed in the following are as in [8] parametrized by the real number n occurring in the torsions
and are in addition characterized by the constraints
A detailed discussion of (3.38) and (3.39) and their implications can be found in [8] . I consider the case in which G contains neither Weyl nor R-transformations. Apart from the special cases n = 0 and n = − 1 3 which are excluded for simplicity the set of elementary tensor fields is given by
and the complex conjugated fields where J , v a and G a denote a complex scalar field, a complex and a real vector field which in [8] are denoted by S, c a + id a and b a . λ α (denoted as in [8] ) must not be confused with one of the gauginos λ i α of G s + G a which appear as in minimal supergravity in the curvatures Fα a i = iλ iα σ a αα . The field content is completed by the gauge fields, ghosts, antighosts and the corresponding Lagrange multiplier fields where again due to T ab c = 0 the spin connection is not an elementary field but determined by (2.8). The supersymmetry transformations of the fields (3.40) can be found in [8] or obtained from table 1 (by replacing there all fields and operators by their primed counterparts, see below). In particular one has
The BRS transformations of the fields (3.40) are obtained from (2.9), those of the ghosts and gauge fields by (2.10)-(2.15). However it will be useful to rewrite the BRS algebra in terms of redefined ghosts, gauge fields and supersymmetry transformations marked by primes and defined in terms of the original (unprimed) ghosts, gauge fields and supersymmetry transformations such that
where the T ′ AB C and F ′ AB I satisfy the constraints of minimal supergravity with R-transformations (in fact such redefinitions have been used also in [8] ). This is achieved by
where l αβ and lαβ = (l αβ ) * denote the generators of SL(2, C) transformations of undotted and dotted indices defined by
abαβ l ab , lαβXγ = −εγ (α Xβ ) , lαβX γ = 0 (3.43) and δ (r) which originally was not contained in G is defined according table 2 where the R-charge of the lowest component field φ s of the sth chiral multiplet is denoted by the real number k s (k s is not fixed by requiring (2.2) unlike the R-charges of the remaining fields). Table 2 :
The redefined covariant derivatives read
where the sum over i contains the R-transformation and the redefined gauge fields are given by 2) where of course now unprimed fields have to be replaced by primed fields. In particular one finds
where S ′ α is obtained from (2.7) using primed gauge fields and torsions:
Now we choose redefined ghosts such that
holds identically in the fields where C ′I δ I contains δ (r) unlike C I δ I , i.e. in particular all terms containing δ (r) must cancel on the r.h.s. of (3.53). One easily verifies that this leads to
Notice that C ′ (r) does not have a part which is linear in the elementary fields as a consequence of the fact that G does not contain δ (r) . I remark that analogously to (3.53)
hold identically in the fields (all contributions containing δ (r) cancel on the r.h.s. of (3.57) and (3.58)) withĈ n = C n + dx n .s 2 = 0 implies that (2.10)-(2.15) hold for the primed ghosts and gauge fields (with primed torsions and curvatures), including C ′(r) and A ′ m (r) as one can verify explicitly:
Thus on primed fields the BRS operator has the same form as in minimal supergravity and therefore one obtains solutions of sW g = 0 for nonminimal supergravity from those obtained for old minimal supergravity by replacing in the expressions for the latter all operators and fields with primed ones. For instance one obtains from (3.5) invariant contributions to the action for nonminimal supergravity given by
where P ′ is obtained from (3.5):
I stress that H and G have to satisfy (3.8) where of course the condition imposed by δ (w) is absent unlike the condition imposed by δ (r) which must hold (otherwise (3.62) is not invariant except for the case n = − 1 3 ). Contributions to H are therefore e.g.
where a and b are constants, g ij are invariant symmetric tensors of G and the superpotential V (φ) has to satisfy 
which cannot be fulfilled if one imposes e.g. the chirality conditionDαφ s = 0 on each of the chiral multiplets. Thus one has to admit non zero k s in order to allow for solutions of (3.66) . This corresponds to a relaxed chirality condition imposed on the chiral multiplets:
Replacing unprimed fields and operators by primed ones in (3.11), (3.15) and (3.17) one obtains solutions of sW 1 = 0 for nonminimal supergravity. Of course it is not guaranteed that these solutions are nontrivial since nonminimal supergravity has an extended field content and thus allows for counterterms which do not exist in minimal supergravity. The nonabelian chiral anomalies stay nontrivial. Notice that they keep their explicit form (3.15) because all fields contributing to (3.15) agree with their primed counterparts. Among the solutions of sW 1 = 0 obtained from (3.11) there are in particular those arising from d 4 xe (C (r) P + ξ α P (r) α )Ω (r) . They are special since they do not depend on the ghosts of the structure group due to (3.55). Most of these solutions turn out to be trivial but there are also nontrivial ones among them. For instance the following (complex) solutions can be shown to be nontrivial:
with V as in (3.65), P ′ as in (3.63) and
The solution of (1.4) arising from (3.68) is obtained from (3.18) and reads
4 Verification ofsω g+4 = 0
In order to verify that (3.18), (3.21), (3.23), (3.35), (3.36) and (3.70) indeed solve (1.4) it is more convenient to use a decomposition ofω g+4 into partsω p of definite degree in theξ a than the decomposition (1.5):ω
As an example the decomposition of (3.21) is given in appendix B. The decomposition (4.1) starts at a degree p 0 which in general is different from zero (unlike the decomposition (1.5) which always starts at degree 0) and the partω p 0 solves
where δ − is the operator
3) (4.2) follows from the fact that δ − is the only part ofs which decreases the degree in theξ a (notice that this is due to the constraints T αβ a = 0 and T αα a = 2iσ a αα ). The knowledge of the cohomology of δ − will be very useful in the following. It has been computed in the first ref. [9] (this derivation is given in appendix A) and recently in [19] . The result is
where k does not depend on theξ A , and ϑ α ,θα and Θ are given by
Notice that the ϑ's anticommute. Therefore the δ − -cohomology does not contain nontrivial elements with larger degree than 2 in theξ a . This implies the following two useful lemmas:
Lemma 1: Eachs-invariant 4-form in theξ a vanishes:
Proof:sω 4 = 0 implies δ −ω4 = 0, cf. (4.2). This impliesω 4 =δ −η for someη according to (4.4) . However this requires thatη has degree 5 in theξ a and thus vanishes. abel,chir andω 5 F I can be proved completely analogously, thes-invariance of (3.70) is a special case ofsω 5 abel = 0 after replacing unprimed quantities by their primed counterparts.
Proof ofsω
5 abel = 0 I first note that the decomposition (4.1) ofω 5 abel reads
whereω 2 has been evaluated by means of (C.7). Furthermore one easily verifies by means of (3. 
An important property of the operatorsDα is that they can be used to construct a 'chiral projector' (DαDα − M ) for functions which do not carry dotted spinor indices and do not depend onξα:
where lαβ = (l αβ ) * generates the SL(2, C) transformations of dotted spinor indices, cf. (3.43). (4.12) follows from the fact that theDα satisfy on the variables Φ r ,ξ a ,ξ α andC i the same algebra asDα on the Φ r , namely {Dα,Dβ} = −M lαβ as one easily checks by means of (3.20) . Using δ Iω which holds due to D α Ω j = 0 and impliesX =X 3 +X 4 . SinceX iss-invariant by construction one concludes by means of lemma 2 that there is a 4-formη 4 such that δ −η4 =X 3 . On the other hand one easily verifies thatX does not depend onξα since this holds already forω 5 abel , cf. (4.9), and since none of theD A transformations (4.11) depends onξα. This however contradicts δ −η4 =X 3 unlessX 3 = 0 since δ −η4 of course depends both onξ α andξα unless it vanishes. One concludesX =X 4 = 0 by means of lemma 1 which provessω 5 abel = 0.
5,τ
In order to prove that (3.15) solves (1.4) I show that 
which is obtained by inserting the explicit expressions for F AB i given in (3.2) into (3.22). Using ϑ α ϑ β ϑ γ =θαθβθγ=0 one easily verifies that the decomposition (4.1) of T r(F 3 ) reads
(Notice thatF does not contain a part of degree 0 in theξ a due to the contraints F αβ i = 0). Due tõ s T r(F 3 ) = 0 one concludes by means of lemma 2 that in order to prove (4.16) one only has to verify δ −p =ω 3 which holds due to (C.5).
In order to calculatesω 4 F I one uses
which holds for abelianC j due to (2.19) and (3.32) . Using in addition (C.4) one easily checks that the decomposition (4.1) ofsω 4 F I is given bỹ
By means of the explicit form forF j given above and the D α transformations of λ j given in table 1 
Conclusion
The result of the investigation of (1.1) for g = 0 contains the statement that in the case of old minimal supergravity the action contains at the most one Fayet-Iliopoulos contribution, namely the one which corresponds to the R-transformations, while in the case of new minimal supergravity the action contains a Fayet-Iliopoulos contribution for each abelian factor of the gauge group apart from the one which corresponds to the R-transformations. Among the solutions of (1.1) with g = 1 there are in the case of new minimal supergravity up-to-now unknown anomaly candidates (3.34) which do not have counterparts in old minimal supergravity and are present if the gauge group contains at least two abelian factors. Furthermore the result contains the statement that local supersymmetry itself is not anomalous in the cases of old and new minimal supergravity since there are no solutions of (1.1) for g = 1 in these cases which depend only on the supersymmetry ghosts and the "classical fields" but not on the ghosts C I of the structure group. I remark that this result follows from the QDS structure [12] , [9] of the theories discussed in subsections 3.1 and 3.2 and may become invalid for instance if one drops the assumption that all matter multiplets are chiral multiplets and allows for matter multiplets which do not have QDS structure.
Of course not only the matter multiplets must have QDS structure in order to guarantee that supersymmetry itself is not anomalous but this must hold also for the supersymmetry multiplets containing the torsions T AB C and the curvatures F AB I . Examples for supergravity theories where these multiplets do not have QDS-structure are the nonminimal theories discussed in subsection 3.3. They indeed allow for solutions of (1.1) which do not depend on the C I and which therefore provide candidates for anomalies of local supersymmetry. Some of these solutions have been given explicitly in (3.68). They seem to have close relationships to candidates for anomalies of R-transformations present in minimal supergravity as their construction given in subsection 3.3 suggests.
A Cohomology of δ −
In order to prove (4.4) we first determine those δ − -invariant functions which do not depend onξ α (notice that they are nontrivial since each nonvanishing function of the form δ − Y depends both onξ α andξα). The result is:
In order to prove (A.1) we choose a basis for the functions f (ξα α ,ξα) consisting of the following mutually distinct subsets f i,n , i = 1, . . . , 10, n = 0, 1, . . .:
where each f i,n denotes a complete irreducible SL(2, C) multiplet, e.g. f 1,1 = {ξ1,ξ2}. Since δ − commutes with the SL(2, C) generators and changes the degree in theξα α resp.ξα by 1 resp. −1, one can investigate without loss of generality each subspace f i,n separately in order to determine the δ − -invariant functions f (ξα α ,ξα). One easily verifies that only the functions contained in f 1,n , f 3,n and f 7,n are δ − -invariant and that they are those which are of the form Q(ϑ α ,ξα). This proves (A.1).
Analogously one can show that the δ − -invariant functions which do not depend onξα are of the form P (θα,ξ α ). Now we investigate those functions f (ξ A ) which vanish forξ α = 0 and forξα = 0:
Without loss of generality one can assume that f (ξ A ) has definite ghost number and thus can be written as a polynomial inξ 1 with coefficients which depend onξ 2 ,ξα α andξα:
In order to solve (A.5) we define an operator r whose anticommutator withD 1 is the counting operator N for the variablesξα 1 andξα,α =1,2:
Due to (A.2) f does not contain a zero mode of N . Therefore one concludes by means of standard arguments (for instance by means of the Basic lemma [20] ) that f n is a trivial solution of (A.5) (notice that (D 1 ) 2 = 0): f n =D 1 g n (ξ 2 ,ξα α ,ξα).
(A.7)
This implies due toξ 1D 1 = δ − −ξ 2D 2 :
where g = (ξ 1 ) n−1 g n , f
′ n−1 = f n−1 −ξ 2D 2 g n , n < n − 1 : f ′ n = f n . Notice that f ′ is a polynomial which has lower degree inξ 1 than f and differs from f only by a trivial contribution. Therefore one can iterate the argument leading to (A.8) and conclude that a δ − -invariant polynomial ofξ 1 is trivial up to a part F which does not depend onξ 1 at all. F is written as a polynomial inξ 2 with coefficients F r (ξα α ,ξα) (F 0 vanishes due to (A.2)):
r F r (ξα α ,ξα).
(A.9)
δ − f = 0 requires δ − F r (ξα α ,ξα) = 0 ∀r (A.10) since δ − -invariant functions of different degree in theξ α have to be separately invariant (thus in fact one can assume without loss of generality that the sum r in (A.9) contains only one nonvanishing contribution). By means of (A.1) one concludes from (A.10)
F r (ξα α ,ξα) = Q r (ϑ α ,ξα).
Thus F is a linear combination of δ − -invariant monomials (ξ 2 ) r (ξ1) s (ξ2) t (ϑ 1 ) v (ϑ 2 ) w where v, w ∈ {0, 1} since the ϑ α anticommute. By means of the identities
1ξ2αξα2 ) (A. 13) one concludes that these monomials are δ − -trivial except for those which satisfy s = t = w = 0 and r < 2. In fact F contains only one monomial with these properties since (A.2) excludes the values r = 0 and v = 0 in the case s = t = w = 0 and one concludes
(A.14)
The proof of (4.4) is completed by means of the identitỹ 
B Decomposition ofω
5,τ nonabel
It is has been mentioned already that (3.21) does not depend on the gravitino. This remarkable fact holds since the gravitino depending contributions toξ α ,ξα and F ab i cancel inF. Namely evaluating F explicitly by means of (2.20) and (2.6) one obtains
withĈ n as in (2.21). Using (B.1) andC = C +Â one easily determines the decomposition (4.1) of (3.21):ω = 8iξ aξb ξσ ab ξ + 16iξ aξbξc ξσ ab ψ c + Ξ (16ψ a σ ab ψ b − 2M ) (C.8)
